Introduction {#cesec10}
============

Biochemical markers can be easily obtained, are widely used, and are becoming very important in the early diagnosis of abdominal pathology. Specific biochemical markers have been reported for several pathologies, including alanine aminotransferase for hepatic injury and amylase for pancreatitis.[@bib1] Although several studies have been published regarding this issue, several abdominal pathologies have no specific biochemical markers. These previously published studies include investigations regarding the diagnostic and prognostic values of D-dimer, MMP-9, IMA, I-FABP, alpha glutathione S transferase, D-lactate and S100 A8/A9 levels in patients with abdominal pain.[@bib2], [@bib3], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8]

Fatty acid binding protein (FABP) is a small (12--15 kDa) intracellular protein that increases in conditions such as inflammation and ischemia. It plays a role in protecting cells from the side effects of fatty acids and increases in association with various pharmacological and pathophysiological effects, such as ischemia.[@bib9] Several types of FABP have been described immunologically, including heart, intestinal, liver, epidermal, muscle and adipocyte. Intestinal FABP (I-FABP) is located exclusively in gastric epithelial cells and intestinal mucosa.[@bib10] Recently, Vermeulen et al. reported that I-FABP levels increase significantly due to intestinal ischemia after aortic surgery.[@bib11] Another study by Relja et al. showed that I-FABP and liver FABP (L-FABP) levels increase after abdominal trauma and are correlated with the severity of abdominal tissue injury in patients with polytrauma.[@bib12]

The purpose of this study was to compare I-FABP levels in patients admitted to the emergency department with abdominal pain and who were preliminarily diagnosed with abdominal pathology with I-FABP levels in a healthy control group. This study was based on the hypothesis that I-FABP may be a useful diagnostic marker in the differential diagnosis of abdominal pathology.

Materials and Methods {#cesec20}
=====================

This prospective and descriptive study was performed with patients who presented to our University Hospital Emergency Department between June 2009 and June 2010 with abdominal pain and who were diagnosed with abdominal pathology by emergency physicians and general surgeons. Patients were diagnosed on the basis of physical examination, ultrasonography and computerized tomography. Patients with trauma (n=80), pain lasting longer than 48 hours (n=24), those who were younger than 18 years (n=46), those who were unavailable for monitoring (n=13) and those who declined to participate (n=23) were excluded from the study. The control group consisted of age and gender matched healthy hospital employees with no history of abdominal pathology. Approval for this study was obtained from the Ethics Committee of Karadeniz Technical University, Turkey (2009--21). Patients enrolled in the study were registered using a form that included demographic data, written permission, and routine patient evaluation data such as histories, physical examination results, biochemical values and radiological results. Venous blood specimens (10 cc) were taken from patients who presented to the emergency department with abdominal pain in order to measure serum I-FABP levels. Serum specimens obtained by centrifugation at 3000 x g for 10 min were kept at −20°C for a maximum of 6 months. Serum I-FABP levels were measured simultaneously at the end of the collection process.

Human serum I-FABP levels from patients and healthy individuals were measured using a commercial ELISA (Enzyme-Linked Immunosorbent Assay kit; Hycult Biotech, the Netherlands) kit according to the manufacturer\'s instructions. Absorbance values were measured using a VERSA max tunable microplate reader (designed by Molecular Devices in California, USA) at a wavelength of 450 nm. Results were expressed as picograms/mL.

Data were analyzed using SPSS version 10.0. Standard deviations of means and percentage frequency distributions were used as descriptive statistics. Normal distributions were calculated using the Kolmogorov-Smirnov test for numeric data. Nonparametric data were analyzed using the Mann-Whitney U test. The chi-square test was used for analyzing nominal parameters.

The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and optimal cut-off value of I-FABP in patients presenting with abdominal pain were calculated using a receiver operating curve (ROC) analysis. The ROC analysis was used to determine the causes of abdominal pain for which the mean I-FABP levels were higher than those in healthy individuals.

Results {#cesec30}
=======

Three hundred and one cases were enrolled in this study, with 130 in the control group and 171 in the patient group. The mean age of the patient group was 52±21 years (range: 18--92 years) and was 56±8 years for healthy individuals.

The mean I-FABP level in the 171 patients was 170.1±543.4 pg/ml and was 61.4±47.4 pg/ml in the 130 healthy volunteers. Although the I-FABP levels in the patient group were higher than those in the healthy individuals, this difference was not statistically significant (p\>0.05).

The patients were definitively diagnosed as follows: 11 (6.4%) with appendicitis, 30 (17.5%) with gall bladder diseases, 17 (9.9%) with ileus-volvulus, 14 (8.2%) with pancreatitis, 7 (4.1%) with mesenteric ischemia, 6 (3.5%) with ovarian diseases, 15 (8.8%) with intra-abdominal mass, 2 (1.2%) with gastritis-peptic ulcer, 11 (6.4%) with nephrolithiasis-urolithiasis, 4 (2.3%) with herniation, 1 (0.6%) with perforation and 51 (29.8%) with non-specific abdominal pain.

The patients\' I-FABP levels were expressed as groups and subgroups ([Table 1](#tbl1){ref-type="table"}). The average values for the acute mesenteric ischemia group and the intra-abdominal mass group were 708.6±669.1 pg/ml and 387.4±1380.2 pg/ml, respectively.

Our results show that the mesenteric ischemia and intra-abdominal mass patients were the only patients whose I-FABP levels were significantly higher than those of the healthy individuals. In addition, the I-FABP levels of the mesenteric ischemia patients were significantly higher than those of the mass patients. I-FABP sensitivity, specificity and ROC curves for NPV and PPV values were determined for these 2 diseases, and these data are shown in [Figure 1](#fig1){ref-type="fig"}, [Figure 2](#fig2){ref-type="fig"}.

The optimum cut-off I-FABP levels for the mesenteric ischemia and intra-abdominal mass patients according to ROC analysis as well as the sensitivity, specificity, NPV and PPV values for these levels are shown in [Table 2](#tbl2){ref-type="table"}.

The mean I-FABP level of the 49 patients who underwent surgery was 173.54387 pg/ml, and that of the 122 patients who did not undergo surgery was 168.6516 pg/ml. The difference between these values was not statistically significant (p\>0.05).

Discussion {#cesec40}
==========

Abdominal pain can be simple, but it may also be associated with life-threatening pathology. The early diagnosis of acute abdominal pain in the emergency department is highly important, especially for pathologies that may require surgical intervention. The most common etiological causes of abdominal pain are appendicitis, cholecystitis, small bowel obstruction, urinary colic, peptic ulcer perforation, pancreatitis and diverticulitis.[@bib13] In their review of abdominal pain, Grundmann et al.[@bib14] reported that the most frequent cause of acute abdominal pain was nonspecific abdominal pathology (24%--44.3%), followed by appendicitis (15.9%--28.1%) and biliary disease (2.9%--9.7%). Similarly, the most common cause of acute abdominal pain in our study was nonspecific abdominal pathology (29.8%), followed by gall bladder diseases (17.5%), ileus-volvulus (9.9%), intra-abdominal mass (8.8%), acute pancreatitis (8.2%), acute appendicitis (6.4%) and mesenteric ischemia (4.1%). The breakdown of patient groups in our study may be different from those previously published because our study was performed in a tertiary teaching and research hospital that works in co-ordination with other institutions.

Both clinical findings and laboratory tests are often used for diagnosing acute abdomen. White blood cell (WBC) count is an important and oft-used laboratory parameter,[@bib15] and D-dimer is frequently used in the evaluation of patients with acute abdominal pain.[@bib1], [@bib16] Studies have reported that MMP-9 levels are increased in patients with ureteral stones, acute cholecystitis and intestinal obstructions.[@bib4] Significantly elevated ischemia modified albumin (IMA) levels have also been reported in mesenteric ischemia models.[@bib5] Several recent reviews have indicated that the most optimistic plasma biomarkers are I-FABP, alpha-glutathione S-transferase and D-lactate. I-FABP and alpha-glutathione S-transferase are localized in the mucosa of the small intestine. Since intestinal injury during acute mesenteric ischemia begins at the intestinal mucosa, these markers can potentially be used in the early phase.[@bib17] In addition, I-FABP, alpha-glutathione S-transferase and CK-MB levels differed significantly from the control group in a suspected acute mesentery ischemia population. Serum phosphate level has also been investigated for the diagnosis of acute mesentery ischemia. Clinical and experimental studies have shown that the increase in serum phosphate levels in acute mesentery ischemia develops following ischemia-related intestinal necrosis and widespread cell death. Therefore, elevated serum phosphate is not a suitable marker for the early diagnosis of acute mesentery ischemia. However, it can be used as a prognostic indicator as well as an indicator of irreversible intestinal necrosis.[@bib18], [@bib19]

Evennett et al.[@bib1] reported that the most reliable plasma markers for intestinal ischemia are I-FABP, which is present in the mucosa of the small intestine, alpha-glutathione S-transferase, and D-lactate, which is released from bacteria in the intestinal lumen as a product of bacterial fermentation. Another study showed that an alpha-glutathione S-transferase level ≤4 ng/ml has a 100% negative predictive value in eliminating ischemic intestinal disease. The same study also showed that the increase in alpha GST levels had a negative predictive value of 92% in patients with suspected acute mesentery ischemia.[@bib6] Bealer et al.[@bib7] determined a diagnostic value of S100A8/A9 (calgranulin A/B) with 93% sensitivity and 54% specificity in patients with suspected acute appendicitis.

In a clinical study investigating the use of I-FABP as a marker in acute abdomen cases, Kanda et al.[@bib20], [@bib21], [@bib22] enrolled a total of 96 individuals. Of these, 13 were diagnosed pre-surgically with ischemic intestinal disease (5 cases of mesenteric ischemia and 8 of strangulated hernia), 48 had a diagnosis of acute abdomen, and 35 served as healthy controls. This study also reported significantly high I-FABP values (\>100 ng/mL) in 5 cases with mesenteric ischemia.

Tölle et al.[@bib23] reported elevated B-FABP in renal cell carcinoma patients and recommended that wider series be investigated to determine whether B-FABP could act as a tumor marker. Abdominal mass may cause ischemia, inflammation and intestinal membrane cell destruction, which do not typically lead to elevated FABP. These secondary causes may be assistant factors in these proteins being released into serum.

In our study with 171 patients and 130 healthy controls, the mean I-FABP levels were 170 pg/ml in the patient group and 61 pg/ml in the control group. Although there was a considerable numerical difference between these two means, this difference was not significant. Among the abdominal pathologies included in our study, I-FABP levels were only significantly higher in patients with acute mesenteric ischemia and intra-abdominal mass when compared with the control group. However, there were no significant differences between I-FABP values among subgroups (p\>0.05).

Conclusions {#cesec50}
-----------

Although average I-FABP levels of patients presenting to the emergency department with abdominal pain at the time of admission were higher than those of the healthy individuals, this difference was not statistically significant. Serum I-FABP levels of patients presenting with abdominal pain and diagnosed with mesenteric ischemia and intra-abdominal mass were significantly higher when compared to those of the healthy volunteers. Therefore, I-FABP levels may be used to diagnose such fatal pathologies. Further studies with wider series are needed in order to investigate the diagnostic value of I-FABP in patients with abdominal pain.

Limitation {#cesec60}
----------

The very low patient numbers in some of the subgroups made it impossible to obtain reliable statistical data. Therefore, I-FABP should be investigated in wider study groups.

Conflict of Interest {#cesec70}
--------------------

The authors declare that there is no potential conflicts of interest.

**Published online:** June 24, 2014

![ROC curve of I-FABP values showing cut-off value, sensitivity, and specificity for mesenteric ischemia patients.](gr1){#fig1}

![ROC curve of I-FABP values showing cut-off value, sensitivity, and specificity for mass patients.](gr2){#fig2}

###### 

I-FABP values of patients admitted to the emergency department with abdominal pain at the time of presentation

  Definitive Diagnosis (n)              I-FABP levels pg/ml
  ------------------------------------- -------------------------------------------------
  Nonspecific abdominal pain (n=51)     53.5±55.7
  Appendicitis (n=11)                   73.9±131.4
  Gall bladder diseases (n=30)          290.8±708.5
  Ileus-volvulus (n=17)                 130.8±221.9
  Pancreatitis (n=14)                   112.1±167.1
  Mesenteric ischemia (n=7)             708.6±669.1[\*](#tbl1fn1){ref-type="table-fn"}
  Ovarian diseases (n=6)                129.3±261.2
  Mass (n=15)                           387.4±1380.2[\*](#tbl1fn1){ref-type="table-fn"}
  Gastritis--peptic ulcer (n=2)         65.1±34.1
  Urolithiasis nephrolithiasis (n=11)   40.7±32.1
  Hernia (n=4)                          76.6±97.3
  Perforation (n=1)                     438.1
  Total Patient (n=171)                 170.1±543.3
  Control (n=130)                       61.4±47.4

p\<0.05 for mean I-FABP levels between the patient and control groups.

###### 

Sensitivity, specificity, PPV and NPV values for patients with mesenteric ischemia and mass

                            AUC     Cut-off   Sensitivity   Specificity   PPV    NPV
  ------------------------- ------- --------- ------------- ------------- ------ ------
  For mesenteric ischemia   0.755   144.9     71.4          94.6          41.7   98.4
  For mass                  0.695   14.7      60.0          83.8          30.0   94.8
